Efforts to develop new therapies to combat Alzheimer's disease suffer from extraordinarily high failure rates that make it difficult to justify continued investment in the field. Although there are a number of plausible explanations for this extremely high attrition rate, one of the explanations that has received little attention is the lack of compelling data from Phase II studies for compounds that have been pushed into Phase III trials and then have failed. An analysis of publicly available data from the Phase II studies for bapineuzumab and solanezumab indicates that neither compound produced compelling evidence of drug-like behavior that would justify their progression into pivotal trials. The published data suggest that sponsors took decisions to move these compounds into Phase III on the basis of vastly limited data that were rife with type I error and probably driven by commercial concerns. The continued push to move compounds that are not likely to succeed in later stage clinical trials threatens to erode trust in the clinical research enterprise making it much harder to properly test truly promising compounds.
Introduction
The quest for effective disease modifying agents against Alzheimer's disease (AD) represents a complex scientific challenge and a critical public health goal [1] . AD represents the most common primary neurodegenerative disorder, and there is a general consensus that the cost of caring for the increasing number of persons affected by AD will create serious public health problems [2] . At the same time, there is recognition that the etiology of AD is multifactorial and that simple reductionist hypotheses are not likely to yield tractable solutions [3] .
One of the most popular and dominant hypotheses in the area of AD is the amyloid hypothesis [4, 5] , which posits that either the overproduction and/or the underclearance of amyloid b (Ab) is a proximate cause of AD. This hypothesis-bolstered by the evidence from patients carrying mutations affecting the APP, PS-1, or PS-2 genes [6] and evidence that Ab deposition may play a role in initiating neurodegeneration-has driven a massive investment from industry, government, and academia to find ways to attack the amyloid cascade. Research into clearance mechanisms of Ab suggested that either active [7] or passive immunization [8] approaches could be potentially useful to reduce the amount of Ab in the brain and thereby prevent delay or even possibly reverse the cognitive and functional decline that defines AD.
Despite the vast amount of information gathered for more than the last 30 years on the pathogenesis of AD, the track record for compounds targeting the amyloid pathway is abysmal with no single Phase III trial reporting a positive result on a primary outcome [9] . The extensive number of studies (clinical and preclinical) related to Ab notwithstanding fundamental questions [10] critical to the success of clinical trials such as the actual toxicity of the peptide remains unanswered or poorly understood [11] .
One of the currently popular explanations for these failures is that treating AD patients when they are demented is too late and that, to modify the natural course of the disease, one needs to intervene when persons are cognitively intact or very mildly affected, although it is not known just how early one would need to start treatment [12] . As a consequence, a number of clinical trials are now testing a variety of Ab-based prevention studies in people who are cognitively normal but at a higher risk of developing AD by virtue of apolipoprotein E (APOE) status or by having a high Ab load detected using positron emission tomography (PET) imaging [13] .
There are multiple alternative explanations for these clinical trial failures including (1) the possibility that the amyloid hypothesis is wrong [14] ; (2) the possibility that treatments aimed at a single pathologic process will be ineffective [15] ; and (3) the possibility that the amyloid hypothesis may be correct, but that the compounds that have been taken into clinic are ineffective [16] and do not represent a true test of the amyloid hypothesis in symptomatic patients.
The first alternative explanation leads to a falsifiable hypothesis that treating patients who carry mutations known to cause early onset AD before neurodegeneration sets in should be able to delay or prevent the onset of dementia. In this respect, the fact that prevention studies are being conducted in populations carrying APP or PS mutations is reassuring [17] . The second alternative explanation also leads to testable and falsifiable hypotheses about the potential efficacy of combination therapies based on known pathophysiological aspects of AD. The third explanation leads to at least two potential root causes: (1) the preclinical models currently used to test compounds are not appropriate [18] and are systematically biased toward "false positive" results; and/or (2) compounds are being pushed into pivotal trials despite a lack of robust signals of "drug-like behavior" at earlier stages of development. This last potential root cause for several recent and prominent clinical trial failures is the focus of this article.
What are the harms of pushing compounds into Phase III prematurely? From a societal perspective, the loss of trust and credibility between study sponsors, investigators, and potential subjects (particularly ethnic minorities [19] ) and their treating physicians [20] in clinical trials stands out as the most serious harm. When sponsors move compounds into Phase III trials prematurely and encounter issues with lack of efficacy or safety issues, the trust and goodwill of future potential subjects is squandered, making the already challenging recruitment and retention of subjects [21] much harder for subsequent trials [22] . This is particularly true when clinical trials are complex, require invasive procedures and repeated imaging procedures, and demand participation for several years [23] .
If the harms from pushing compounds into Phase III prematurely can pose an existentialist threat to the clinical research enterprise, one is bound to ask what incentives can lead to such behaviors, particularly because the vast majority of people working to develop new drugs for AD patients are smart, passionate, and well intentioned.
From a financial perspective, the revenue forecasts from being a disease-modifying agent approved for AD may provide the rationale for proceeding into Phase III despite risks that would not be acceptable in other indications. With peakyear sales for bapineuzumab estimated to be w$5-10B [24] and solanezumab projected to earn w$5B [25] within a few years of approval, the protection from generics afforded by biological agents and the sunk costs associated with development and manufacturing, even a 1% probability of success may be acceptable from a financial perspective. However, the cost of failure is not borne solely by the sponsor who decides to take a compound into Phase III prematurely. When large Phase III trials in AD fail, the financial community's reaction is not limited to the compound or sponsor in question, but signals a greater overall lack of confidence in AD clinical trials, outcome measures, biomarkers, so forth. This "collateral" damage was evident after the failure of the Phase III trials of bapineuzumab and the exit from neuroscience research of several large pharmaceutical companies noting that research in AD was "just too risky" [26] . A more recent example of this phenomenon was the drop in the stock price of companies working on alternative mechanisms when the solanezumab Expedition 3 trial was announced. One would have expected that companies working on alternative mechanisms would have been spared, but that was not the case.
There is at least one other source of misaligned incentives when it comes to the decision to progress a compound into Phase III, namely the "academic-industrial" complex [27] . Historically, clinical research at academic medical centers was funded primarily through grants and supplemented by clinical revenue. However, in the face of decreased compensation for routine clinical care and flat federal funding with its emphasis on basic research, some clinical researchers are increasingly reliant on industry-sponsored funding [28] . In many cases, the experts advising sponsors on clinical development strategies and the design of clinical trials are the same authorities who will participate in the trial as paid investigators and serve as paid consultants and promotional speakers, and the same experts who will benefit professionally from the multitude of publications that are generated by clinical trial programs. A feed-forward cycle has been set up in which the interdependence [29] between pharmaceutical companies, academic institutions, and investigators [30] likely rewards decisions to move compounds into late stage development even if the data do not warrant it.
My hope is that exploring one of the potential reasons why the bapineuzumab and solanezumab Phase III programs failed in an admittedly critical and provocative way will foster a candid and productive dialogue resulting in improvements in drug development. This article focuses on bapineuzumab and solanezumab because they share a mechanism of action (passive clearance of amyloid b, although targeting different portions of the peptide) and they both completed large Phase III trials that failed to detect clinically relevant treatment effects [31, 32] . I reviewed the published Phase II data for both compounds with an eye toward the robustness of signals of efficacy and contrast that with the timing of the decision to start Phase III development. Fundamental elements of successful drug development, such as evidence of target engagement, dose or exposure-response relationships, signals of efficacy, and convergence of data, were sought out in each of the Phase II programs.
Bapineuzumab
The primary Phase II study for bapineuzumab reported by Salloway et al. in 2009 [33] is described as "initially designed and powered to evaluate the safety of bapineuzumab" and was then "amended to evaluate efficacy as the primary objective based partly on the preliminary results from the Phase I study." The study was initially powered to have a .80% probability of detecting adverse events occurring with a rate of at least 5% within each dose cohort. This leaves one wondering what was really accomplished by amending the study to test for efficacy when neither the details of the amendment nor the parameters related to efficacy (effect size, power, alpha, variance) are specified. Interestingly enough, the authors comment that "the urgency of delivering an effective treatment to patients with AD argued for making efficacy the primary outcome." If that were truly the case, then one would expect the authors to report the efficacy data from the Phase I study that provided the rationale for the sample size selection in the Phase II trial.
The sponsor chose the Alzheimer's Disease Assessment Scale -cognitive subscale (ADAS-Cog)-12 as a coprimary outcome measure despite known limitations of the battery and the availability of more sensitive instruments that could have provided cleaner signals of efficacy [34, 35] given the very small sample sizes in each dose cohort. One can speculate that the decision to use the ADAS-Cog/Disability Assessment for Dementia (DAD) as coprimary outcome measures was driven by the desire to get point estimates for effect size in anticipation of using them in registrational studies. The prespecified statistical analysis "compared bapineuzumab to placebo within the 0.5, 1.0, and 2.0 mg/kg cohorts based on change from baseline to week 78" using a repeated measures model in the modified Intent To Treat (mITT) population. There is no discussion around type I error or control for multiplicity in these three dose arms, but there is text to the effect that the 0.15 mg/kg dose arm was included in the exploratory analyses and there was no correction for multiplicity in that dose arm. As reported by the authors, no significant differences between bapineuzumab and placebo on either of the coprimary outcome measures at the 0.5, 1.0, and 2.0 mg/kg dose were detected. Examination of Table 2 reveals that there is no dose-response relationship for either outcome measure. The largest observed (and nominally significant, but exploratory) effect on the ADAS-Cog was seen at the 0.15 mg/kg dose, but not corroborated by data from the DAD at that dose. The authors then argue that, given the discrepancy between observed and modeled data and the limited power given the small sample size in each dose cohort, additional exploratory analyses in which dose arms were pooled were appropriate. Although it is unclear why the discrepancy between observed and modeled data justifies the pooling of dose groups, these pooled analyses failed to detect statistically significant effects on the ADAS-Cog, neuropsychological test battery (NTB), and DAD. In terms of target engagement, analyses of data from subjects who agreed to undergo lumbar punctures (n 5 20 on bapineuzumab and n 5 15 on placebo) failed to detect any effect on Ab 1-42 or total tau, but detected a trend (P 5.056) favoring bapineuzumab on tau p181 levels. In addition, analyses of volumetric magnetic resonance imaging (MRI) data did not detect a treatment effect in the pooled dose groups. Post hoc subgroup analyses based on APOE status yielded nominally significant results on the ADAS-Cog, NTB, Mini-Mental State Examination (MMSE) and Clinical Dementia Rating Sum of Boxes (CDR-SB), but not on the DAD. It should be noted that cognitive batteries tend to have a degree of colinearity so these "positive results" are not totally unexpected. There are no results reported on dose-response relationship within the APOE noncarriers. There are at least 30 P values reported or implied in the article so using a nominal significance of .05, there is a 79% probability of seeing at least one P value .05 by random chance. In terms of criteria that are generally looked at to progress a compound into Phase III, data on target engagement are not supportive, data in terms of dose or exposure-response are not supportive, and signals of potentially clinically relevant benefits are also lacking. Elan/Wyeth announced the start of the Phase III program for bapineuzumab on May 21, 2007 on the basis of "the seriousness of the disease and the totality of what the companies have learned from their immunotherapy programs, including a scheduled interim look at data from an ongoing Phase II study, which remains blinded" [36] . If the results reported in 2009 represent the totality of the data from this Phase II study and are found to be lacking, it is hard to comprehend what could have possibly been so compelling at an interim look, particularly when the single most "effective" dose (0.15 mg/kg) was tested relatively late in the conduct of the study.
A second study by Rinne et al. [37] was published in 2010 and reported the outcome of a Phase II study designed to investigate the effects of treatment with bapineuzumab on measures of cerebral Ab deposition using 11 C-Pittsburgh compound B ( 11 C-PIB) PET imaging and cerebrospinal fluid (CSF) biomarkers, MRI parameters and cognition for more than a period of 78 weeks. Subjects (w10/arm) were randomized to receive infusions of 0.5, 1.0, or 2.0 mg/kg every 13 weeks in a 7:3 active to placebo ratio. The planned sample size was expected to provide .95% power to detect a change from baseline in mean 11 C-PIB retention 0.25 between the pooled placebo and pooled bapineuzumab arms with an a 5 0.05. The primary outcome was the mean 11 C-PIB retention cerebral to cerebellar retention ratio across six predefined cortical areas. The planned analysis took into account screening 11 C-PiB, baseline MMSE (as a categorical value [high vs. low]), visit week, and an interaction term between treatment and visit week and was carried out on the mITT population (subjects who received any amount of investigational drug and had a baseline and at least one valid PET scan postbaseline).
The authors note that because of observed imbalances between the treatment and placebo groups at baseline on the NTB, CDR-SB, and 11 C-PIB, post hoc analyses were carried out that adjusted for these imbalances. Recruitment into the 2.0 mg/kg dose was truncated because of reports of vasogenic edema from the study described previously. Fiftythree subjects were screened; 28 (20B:8P) were randomized, 26 (19B:7P) were in the mITT population, and 20 (15B:5P) had 11 C-PiB scans on week 78. Inspection of Fig. 2 suggests that the active and placebotreated populations were on differing trajectories with increasing 11 C-PIB signal in the placebo group and decreasing signal in the active group such that a statistically significant difference was detected at week 78. However, Fig. 3 suggests that the increase in the 11 C-PIB signal in the placebo group may have been driven by a single outlier. Using a program designed to extract numerical data from plots (http://arohatgi. info/WebPlotDigitizer), data from Fig. 3 were extracted and compared with the published data. The published baseline values for the mean 11 C-PiB retention ratios for the placebo and bapineuzumab groups were 1.89 and 2.06, respectively, and the extracted values were 1.88 and 2.06, respectively, indicating that the extraction program generated valid data. The mean (standard deviation [SD]) value for all seven placebo patients was 2.029 (0.0173). When the single outlier (value 5 2.4) was removed, the mean (SD) dropped to 1.968 (0.069), which is lower than the extracted mean (SD) for the bapineuzumab group of 1.978 (0.206). It is not possible to determine what effect that single outlier may have had on the primary efficacy analysis, but given how small the placebo group is and the fact that the separation between the two groups is driven by the larger increase in signal in the placebo group (0.15) compared with the smaller drop in signal in the bapineuzumab group (20.09), the effect of even a single outlier cannot be underestimated.
The authors note that no effects were seen on any clinical, fluorodeoxyglucose (FDG)-PET, MRI, or CSF end points after adjustment for the baseline imbalances noted previously. It should also be noted that for many of the 11 C-PiB measurements, the adjusted analyses resulted in upper limits of 95% confidence intervals that were very close to zero (20.002 to 20.03), again suggesting that statistical significance may have been driven by a single data point. The authors note that the differences between treatment groups were similar in each of the doses tested, yet at the same time they caution that the sequential recruitment of small cohorts to ascending doses limited the capacity to detect dose-response effects. Because the study was powered to detect an effect on the pooled groups, one has to wonder why the study was designed with dose-escalation rather than a single (presumably effective) dose. The fact that the highest dose (2.0 mg/kg) could not be tested in a full cohort because of safety issues and that the most effective dose in the previous Phase II study (0.15 mg/kg) was not included in this study leaves many questions unanswered as to how to interpret this study.
Solanezumab
Siemers et al. [38] reported the outcome of a placebocontrolled, ascending single-dose Phase I/II study in patients with mild to moderately severe probable AD. Cohorts of five subjects were enrolled and randomized (4:1) to active or placebo at doses of 0.5, 1.5, 4.0, and 10.0 mg/kg. Subjects were followed through 365 days for safety purposes. As this was the first study in humans, the principal objectives of the study were to characterize the safety, pharmacokinetics, and pharmacodynamics of single doses of Sola. In terms of pharmacodynamics, changes from predose (day 22) to postdose (day 21) were sought in plasma and CSF measures of various species of Ab and the ADAS-Cog 11 item battery. Analysis of CSF Ab indicated a trend (P 5 .05) for the slope of the dose versus change from predose to day 21 in CSF Ab to differ from 0, but no such trend was detected for Ab . No signal of effect was detected on the ADASCog 11. This study suggests that there is target engagement (at least in the periphery) and possibly in the central nervous system (CNS). There is no evidence of a dose-response relationship or a signal on clinical measures, but this study was clearly not designed or powered to answer such questions.
In 2012, Farlow et al. [39] reported the outcome of a placebo-controlled, parallel-group study that investigated the effects of treatment with three different doses of solanezumab infused weekly for 12 weeks in subjects with mild to moderately severe probable AD. Subjects were randomized in a 4:1 ratio to active (100 mg every 4 weeks, 100 mg once weekly, 400 mg every 4 weeks, and 400 mg once weekly) or placebo with the primary objective of the study being to assess the safety and tolerability of multiple doses. Secondary objectives included assessments of plasma and CSF pharmacodynamics for dose selection and assessment of cognitive effects of short-term administration using the ADAS-Cog 11-and 14-item versions. There is no rationale for the proposed sample size, but the cohort structure and size are typical for an exploratory multiple-ascending dose study designed to detect relatively frequent adverse events. The analysis of changes in Ab CSF concentrations and ADAS-Cog scores was carried out using upper-tailed, onesided hypothesis tests with a set at 0.1.
Analytical validation of plasma and CSFAb assays indicates that the assays were stable, of high quality, and reliable. Increases in plasma Ab were dose-proportionate but were less clearly dose-proportionate for Ab . Total CSF Ab and Ab was increased in the highest three doses compared with placebo or to the 100 mg every 4 weeks dose; however, there was no difference in the effect between the 100 mg once weekly and 400 mg every 4 weeks doses both of which had effects that were statistically superior to the 100 mg every 4 weeks dose, but numerically closer to that dose than to the 400 mg once weekly dose. In contrast, analyses of the unbound fraction of Ab and Ab in the CSF failed to detect any doseresponse relationship although the three highest doses resulted in statistically significantly higher Ab 1-42 concentrations compared with placebo. No signals of efficacy were detected on either the 11-or 14-item version of the ADAS-Cog at any dose or at any time point and nor was there any suggestion of a dose/exposure-response relationship. Although the authors point out that in a study of this duration, expectations regarding effects on cognition should be low, they also point out thateffects were seen on memory tests after single doses in a transgenic mouse model leaving the reader to determine just how high or low to set their expectations. With the availability of more sensitive cognitive batteries and specifically given the small sample sizes in this study, one is again hard-pressed to explain the choice of the ADAS-Cog as the sole cognitive outcome scale in this study.
As predicted from the pharmacologic properties of solanezumab, dose-proportionate increases in antibody-bound plasma Ab were detected. The increase in CSF total Ab suggests that some solanezumab may have been able to cross the blood-brain barrier and suggests target engagement in the CNS. The observed increase in free Ab concentrations was attributed by the authors to plaque solubilization and reestablishment of equilibrium in the CSF after sequestration of Ab in the plasma [40] . Although this is a plausible hypothesis, the authors seem to gloss over the fact that this particular species of Ab is more neurotoxic than the 1-40 species [41] and that sustained exposure to higher levels of the 1-42 species may not be a good thing for AD patients. The authors conclude that "on the basis of this study and the changes seen in CSFAb, several multinational Phase III trials were started."
The fact that no effects were seen on other markers of neurodegeneration (tau or brain volume) and that there is no discussion about what criteria needed to be met for progression into Phase III leaves one wondering just how low a threshold needed to be crossed to justify the start of Phase III trials. Lilly announced the start of the Expedition studies in May 2009 suggesting that a decision to move into Phase III trials was made sometime in 2008, which is consistent with the completion of the Phase II study in May 2008.
Summary
Bapineuzumab and solanezumab represent two compounds that specifically target AD disease modification by increasing the clearance of Ab. In the case of bapineuzumab, the data from the two available Phase II studies fail to provide evidence that the compound had the necessary properties to be successful in Phase III. The lack of compelling Phase II data may be one of the reasons why the original sponsor (Elan) sought out partners for the development of this compound. It is entirely plausible that when the cost of development was spread out among two or three partners, the risk of failure became tolerable in the context of a potentially massive payoff if it had been successful. In the other case, we have a single Phase II study of solanezumab, which suggests there was target engagement in the CNS, therapeutic doses were being tested, and there was a hint of doseresponse relationship with a single but relevant CSF biomarker. Neither compound was able to establish any signal of efficacy on measures of cognition.
After the failure of the expedition and Expedition 2 studies, another explanation surfaced (the studies failed because w20%-30% of subjects did not have pathologic burdens of Ab). This explanation is somewhat suspected because subjects without adequate pathology would have been randomized to both placebo and active treatment arms and sample size calculations would have accounted for this heterogeneity and because a substantial proportion of patients who do not have pathologic amyloid burden still convert to AD dementia [42] . However, the argument that modest treatment effect sizes could be masked may be more compelling.
The recent report of the results of the Expedition 3 study [43] merits some discussion given the comments from some experts in the field that, despite the fact that it failed to detect a clinically or statistically significant difference on its primary end point, it should be viewed as confirmation of the amyloid hypothesis. On first principles, it should be clear that studies do not confirm hypotheses, they either provide evidence to support a hypothesis or they refute a hypothesis. It is also naive to claim that a single study can confirm a given hypothesis based on our troubling inability to replicate results in biomedical research. One can speculate about what would have happened had Lilly opted to use the CDR-SB or the Alzheimer's Disease Cooperative Study-Activities of Daily Living as the primary outcome measure given that statistically significant but clinically irrelevant differences were detected between treatment groups on these outcomes. This is why the principle of requiring cognitive and global coprimaries espoused by Paul Leber (former Director of the Division of Neuropharmacological Drug Products at the FDA from 1981 to 1999) was developed: to prevent the gaming of the system by using very large sample sizes to detect statistically significant but clinically irrelevant treatment effects. It is interesting to note that the ADAS-Cog failed to detect an effect whereas the CDR-SB did, raising the question of whether treatment effects in noncognitive domains or cognitive domains not included in the ADASCog may have accounted for effects on the CDR-SB and Alzheimer's Disease Cooperative Study-Activities of Daily Living. It is hard to understand why statistically significant differences were detected on the MMSE, but not on the ADAS-Cog-14. Given the size of Expedition 3 (n w 2100), the duration of treatment (80 weeks), the tight inclusion/exclusion criteria (mild severity and verification of amyloid pathology), the results, including the failure to detect a significant reduction in amyloid burden on PET imaging, suggest minuscule treatment effects at best (Cohen's d 5 0.07, 0.11, and 0.1 for the ADAS-Cog-14, ADL, and CDR-SB, respectively [44] ) and statistical noise at worst. There are differing opinions about whether Expedition 3 produced any data supportive of the amyloid hypothesis, but it certainly did not provide data to refute it. Had there been profound effects on CSF or PET measures of amyloid or brain atrophy that failed to translate into delays in progression of cognitive decline, it seems we would probably agree that the amyloid hypothesis had been properly tested. So it seems we are still in the hunt for a compound that can provide a real test of the hypothesis.
The failure of these two compounds also has been used as the rationale for studies in asymptomatic, at-risk subjects. Although there may be merit to treating at-risk subjects as early as possible to increase the odds of modifying the course of the disease using the lowestpossible dose to maximize safety and reduce costs, the fact that these two compounds failed does not falsify or disprove [45] the hypothesis that treating symptomatic subjects is rational because, as I hope has been made clear, the Phase II data for both these compounds were far from compelling.
So where do we go from here and when is enough, enough? Some suggestions for improving the quality of Phase II programs already have been promulgated by the Alzheimer's Association Research Roundtable [46] and sponsors are strongly urged to consider these. Implementing independent replication of pilot or Phase II studies [47] , documentation of AD pathology for targeted therapy, prospectively defined go-no-go criteria, stricter control over type I error, and post hoc analyses [48] only can help to strengthen the case for a compound that truly merits going into Phase III. In addition, proposals to increase the validity of published data have been proposed [49] . Some common sense suggestions would be to (1) conduct independent Phase II studies to provide replication of a signal of effect with one study focusing on CSF biomarkers and another on imaging biomarkers; (2) keep single ascending dose/multiple ascending dose studies simple and focused on dose selection based on pharmacokinetics/pharmacodynamics, safety, and tolerability; (3) use of Bayesian or permutation tests to get a sense of the robustness of the data rather than reliance on P values (particularly with small sample sizes); (4) use adaptive testing to avoid floor/ceiling effects on cognitive batteries and ensuring the batteries cover all relevant domains; (5) test more than one dose in the Phase II studies to explore dose/exposure-response relationships as a guide to dose selection; and (6) use nontransgenic animal models in which Ab deposition takes place over a long period of time (e.g., aged dogs, microcebus, and guinea pigs).
An example of the kind of study that should be conducted before entering into Phase III is the one reported by Sevigny et al. [50] . This study uses a placebocontrolled, parallel-group design to test a range of doses of aducanumab on Ab burden measured by PET imaging. The sample sizes in each arm are substantial (n w 30-40) and provided .90% power to detect at least a 1 SD difference in amyloid reduction relative to baseline comparing each group to placebo with an a 5 0.05. Subjects were screened to make sure they had pathologic burdens of amyloid in support of a diagnosis of mild or prodromal AD. The study included the MMSE and more sensitive measures such as the NTB and the Free and Cued Selective Reminding Test as exploratory cognitive outcome measures. Although the results presented in this publication are based on interim data, the exploration of a broad range of doses and the dose-proportionate response in terms of Ab reduction reported in the article are strong markers for target engagement and bode well for the future development of this compound. That said, Phase III trials were launched before the completion of the PRIME study and there is no explanation as to why treatment effects were not detected on sensitive measures of cognition. Interestingly enough, beneficial effects were reported in subjects completing 12 months of an open-label extension on the MMSE and CDR-SB (the same instruments showing an effect in Expedition 3).
The leaders of pharmaceutical and biotech companies need to understand and appreciate the consequences of pushing compounds into Phase III prematurely not only to their own organizations, but for the entire clinical research enterprise. Reward and incentive systems within organizations need to push toward healthier behaviors (e.g., bonuses paid on informative studies rather than on the number of compounds transitioned from Phase II to Phase III or the start of a Phase III program). Stringent and transparent controls are needed to prevent financial conflicts of interest between clinical experts and sponsors developing programs. In addition, the clinical research communities (academic, private, and commercial) need to revisit their dependence on clinical trial volume and focus on supporting those clinical trials that are based on robust, high-quality science to recruit highquality subjects quickly and properly test the most promising hypotheses.
The failure to address these issues presents us with the potential for a "tragedy of the commons" in which sponsors continue to push weak compounds into Phase III whose inevitable failure will erode the willingness of patients and their families to participate in trials, the willingness of health care providers to refer patients to clinical trials, and the willingness of investors to fund novel treatments.
RESEARCH IN CONTEXT
1. Systematic review: Phase II clinical trials for bapineuzumab and solanezumab were identified via online searches using PubMed and references from the manuscripts reporting the pivotal trials for both compounds.
2. Interpretation: The phase II data for both compounds indicate that "drug-like" characteristics were lacking for both compounds and that progression of these compounds into pivotal trials was probably not scientifically justified. The total amount of phase II data (numbers of subjects, duration of exposure, doses, so forth) for both these compounds is very limited and the interpretation of the phase II studies is hampered by uncontrolled type I error. The conclusion that antiamyloid antibodies will not work in symptomatic patients is not supported.
Future directions:
The use of novel trial designs, independent replication of studies, and prespecified gono-go criteria are encouraged to increase confidence in the value of phase II data and to reduce the risk of failure.
